Repetitive processes are a distinct class of 2D systems (it. information propagation in two independent directions) of both systems theoretic and applications interest. They cannot be controlled by direct extension of existing techniques from either standard (termed ID here) or 2D systems theory. Here we give further results on the relatively open problem of the design of control laws to achieve desired performance and disturbance decoupling in the sense defined in the body of the paper. The control laws are activated only by the process output and do not require access to state information.
INTRODUCTION
Repetitive processes are B distinct class of 2D systems of both system theoretic and applications interest. in the University of Wuppeml series of sweeps, termed passes, through a set of dynamics defined over a fixed finite duration known as the pass length. On each pass an output, termed the pass profile, is produced which acts as a forcing function on, and hence contributes to, the dynamics of the next pass profile. This, in turn, leads to the unique control problem for these processes in that the output sequence of pass profiles generated can contain oscillations that increase in amplitude in the pass-to-pass direction.
Physical examples of repetitive processes include long-wall coal cutting and metal rolling operations, as detailed in, for example, [I, 21. Also in recent years applications have arisen where adopting a repetitive process setting for analysis has distinct advantages over alternatives. Examples of these so-called algorithmic applications include classes of iterative learning control (ILC) schemes [3] and iterative algorithms for solving nonlinear dynamic optimal control problems based on the maximum principle [4] . In the case of ILC for the linear dynamics case, applying the stability theory for differential and discrete linear repetitive processes i s one way of undertaking a rigorous stability analysis of a powerful class of such algorithms.
I54
It is also possible to define physically meaningful control laws for repetitive processes where in the ILC application, for example, one such family of control laws is composed of (state or output based) feedback control action on the current pass combined with information 'feedforward' from the previous pass (or trial in the ILC context) which, of course, has already been generated and is therefore available for use. In this paper, we develop new results on the design of control laws to satisfy performance specifications in addition to stability using only process output information. This is in contrast to previous work in this area, where the availability of the complete state vector was assumed, and is also more practically relevant.
Throughout this paper, the identity matrix with the required dimensions is denoted by I and Ad > 0 denotes a real symmetric positive definite matrix. We also use (*) to denote the transpose of matrix blocks in some of the LMIs employed (which are required to be symmetric).
BACKGROUND
The state space model of the discrete linear repetitive processes considered in this paper has the following form over 0 5 p 5 cr -1, k 2 0,
Here The stability theory for constant pass length linear repetitive processes consists of two distinct concepts [5] but here it is the stronger of these which is of interest. This is termed stability dong the pass and, noting again the unique control problem for these processes, it ensures bounded-input bounded-output (i.e. pass profile sequence) stability (defined in terms of the norm on the underlying function space) independent of the pass length. Several equivalent sets of necessary and sufficient conditions for stability along the pass have been derived but here it is the following which is the starting point. Moreover, it is easy to conclude that this property for the processes considered here can be studied by setting w ( p ) = 0, and hence the proof is omitted. 
Previous Work
We consider first a control law of the following form
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where K1 and Kz are appropriately dimensioned matrices to be designed. In effect, this control law uses feedback of the current pass state vector (which is assumed to be available for use) and 'feedforward' of the previous pass profile vector. (Note that in the repetitive process literature the term 'feedforward' is used to describe the case where (state or pass profile) information from the previous pass (or passes) is used as (part of) the input to a control law applied on the current pass, i.e. to information which is propagated in the pass-to-pass ( k ) direction.)
This control law has clear physical meaning for practical applications of discrete h e a r repetitive processes and the following result uses the LMI setting (in effect, Theorem 2 closed loop is replaced by a sufficient condition which directly yields a computable formula for the required matrices) to give a controI law design algorithm for stability along the pass which can be easily computed (for background on the required computations see, for example, [7] ). Theorem 3 [6] Suppose that a contra1 law described by ( 5 ) is applied to a discrete linear repeiitive process described by (1) In many cases the state vector z k + l ( P ) may not be available or, at best, only some of its entries are. Hence, we now consider the use of output, i.e. pass profile only, based control laws to achieve closed loop stability along the pass. The simplest option is to replace the current pass state vector in (5) by the current pass profile vector to obtain a control law of the follo-
This control law is, in general, weaker than that of ( 5 ) and examples are easily given where stability along the pass can be achieved using (5) but not (9). It is important to note here that by definition the pass profile produced on each pass is available for control purposes before the stiut of each new pass. As such, this control law (and extensions) assumes storage of the required previous pass profiles and that they are not corrupted by noise etc.
To consider the effect of a control law of the form (9) on the process dynamics, first substitute the pass profile (second) equation of (1) into (9) and hence this control law can be treated as a particular case of ( 5 ) with This route may, however, encounter serious numerical difficulties (arising from the fact that (1 1) is a set of matrix nonlinear algebraic equations) and hence we proceed by rewriting these last equations to obtain and assume that K 1 = L1C
Note that this assumption imposes no restrictions on the results developed here but could be a source of difficulty in other cases, e.g. in uncertainty analysis where the resulting robust control problem may not be convex. Now it follows immediately that for any L1 such that I + DL1 is nonsingular, and we have the following result. (19) . The key point now is that the influence of the disturbance vector has been completely rejected. The task now is to meet the specification that the limit profile (for the original process) be equal to the prescribed vector yrcf(p), where we note here that (21) has the structure of (1) and hence we can apply the existing stability theory to this state space model.
The matrix fro in (21) always has eigenvalues with modulus at least equal to unity and hence this discrete linear repetitive process state space model is asymptotically unstable and hence unstable along the pass. Hence, to obtain any limit profile from it, control action must be applied. Moreover, in order to make this limit profile equal to yrel(p) with the specified ID trmsient performance specifications we will aIso require stability along the pass of the controlled process. Now consider applying the control law to (21). Then the following result gives an LMI based sufficient condition for stability along the pass of the resulting process together with a formuIa for computing the control law matrices. The proof of this result follows immediately on interpreting Theorem 4 for this case and hence the details are omitted here. The control law of (22) can also be applied to the process in non-incremental form, i.e. as Then from (22) it is straightforward to see that
which considerably simplifies the effort required to construct the control law output to be applied to the process since there is no need to pre-compute these two terms.
Consider again the extended output vector z k ( p ) . Then the presence of the total tracking error term in this vector (see (17)) means that the control law here has the familiar proportional plus integral structure.
A DESIGN EXAMPLE
Consider the special case of (1) Suppose now that the disturbance w ( p ) is a sine wave plus a constant term plus additional random noise generated using the MatIab formulas 
5, CONCLUSIONS
This paper has developed significant new results on the output control of discrete linear repetitive processes and. in particular, on control law design which uses only such information to achieve stability along the pass, coupled with rejection of a disturbance signal and the achievement of specified performance objectives. Moreover, the performance objectives have a well defined physical relevance. This i s in contrast to previous work which assumed that the complete current pass state vector was available for control purposes.
Note again that this paper only deals with disturbances which are constant from pass-to-pass and this reduces the general applicability of the new results developed. At present, it is not clear how (if at all) complete decoupling of disturbances which do not satisfy this assumption can be achieved. One practically relevant alternative is to seek to attenuate the effects of such disturbances to a prescribed degree using, for example, H,, H 2 , or mixed HZIH, techniques, which is an obvious area for further work.
An immediate question arises of how, in applications, to determine when we are 'close enough' to the desired limit profile, i.e. an effective stopping critenon. In which context, note that easily computed techniques to bound the error between the limit profile (or individual entries of it) and any intermediate pass for stable along the pass processes are known [5] . These extend naturally to case when control laws considered in this paper are applied and hence the details are omitted.
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